The precise nature of the boson recently discovered at the Large Hadron Collider remains open. In addition to measuring its properties to determine whether it is the quantum of the field that breaks electroweak symmetry and gives mass to the fundamental particles, the search for other Higgs particles predicted by models beyond the standard model (SM), and also models beyond the minimal supersymmetric standard model (MSSM), has intensified. In this report, results are presented from three searches for Higgs-like particles predicted in models beyond the MSSM: a standard model with four generations (SM4), dimuon decays of a Higgs particle in the Next-to-MSSM (NMSSM) framework, and doubly charged Higgs bosons predicted by the minimal type II seesaw model. The analysed samples include up to 5fb −1 of proton-proton collision data recorded by the CMS detector at a centre-of-mass energy of 7 TeV.
Search for SM4 Higgs Boson
Searches for the SM Higgs boson can be reinterpreted in the context of an extension with four generations [4] , where the only differences are the assumed cross sections and branching fractions. For example, in this context the gluon fusion production process is enhanced by up to an order of magnitude due to the presence of fourth generation particles (t and b ) replacing the top quark mediating the gg → H loop diagram. Prior to the work reported here, direct experimental searches for the SM4 Higgs boson excluded the mass range 131-207 GeV [5, 6] .
The SM4 benchmark parameter set recommended by the LHC Higgs Cross Section Working Group [7] Here, m 4 (ν 4 ) and m u 4 (d 4 ) are the fourth generation charged (neutral) lepton and up (down) quark, respectively. In this model, the effective squared couplings of a SM4 Higgs boson to W and Z bosons become about three times smaller, while that of photons is suppressed by about two orders of magnitude due to a cancellation of SM and SM4 diagrams. The squared couplings to fermions are increased by approximately 60%. Due to the modified couplings, the gluon-fusion production cross section is enhanced by up to an order of magnitude relative to those of the vector-boson fusion and vector-boson associated production mechanisms. The latter are therefore reset to zero in the analysis. At the time of this conference, the only results available from CMS on the decay to bottom quarks used the VH production process, so this decay channel is absent in the combination. Therefore, the final combination includes the previously published γγ [8] , WW [9] , ZZ [10] , and ττ [11] searches only.
No significant signal is observed, and 95% confidence level (CL) upper limits are computed as a function of the SM4 Higgs boson mass. Figure 1 shows results for the upper limit on the signal strength parameter µ, defined as the ratio of the observed (or expected) cross section relative to that expected for SM4 Higgs boson (µ = σ /σ (SM4)). Results are shown for the full search region (110-600 GeV), and a reduced range showing the low-mass region in more detail. The entire search region was expected to be excluded in the case that there is no SM4 Higgs boson, while the observed exclusion is in the range 123 < m H < 600 GeV. These results are documented in Ref. [12] .
Search for a Light Pseudoscalar Higgs Boson Decaying to Muons
In the NMSSM (see Ref. [13] for a review) a complex singlet superfield is introduced, ex- tending the family of Higgs bosons to seven: three CP-even scalars (h 1 , h 2 , h 3 ), two CP-odd scalars (a 1 , a 2 ), and two charged scalars (H + , H − ). The a 1 is a superposition of the MSSM doublet pseudoscalar (a MSSM ) and the additional singlet pseudoscalar of the NMSSM (a S ):
where θ A is the mixing angle between the two pseudoscalars. In the context of the NMSSM, the a 1 can have a small mass and be nearly pure a S (cos θ A << 1), while still generating a significant coupling to muons, taus, and bottom quarks for large tan β , the ratio of the vacuum expectation values for the two Higgs doublets [14] .
The analysis presented here searches for dimuon decays of a light pseudoscalar Higgs boson generically referred to as a and having a mass near the Upsilon family of resonances. The data comprise 1.3 fb −1 collected with a dedicated trigger and the search focuses on two regions: "mass range 1" extending from 5.5 to 8.8 GeV, and "mass range 2" extending from 11.5 to 14 GeV. The a is expected to be very narrow (∼ MeV), and thus the observed peak should be dominated by the known dimuon mass resolution of the CMS detector, which ranges from a minimum of 50 MeV in the lower mass range to a maximum of 190 MeV in the upper mass range. Events were collected with a trigger requiring two opposite-sign muons with each muon having a momentum transverse to the beam satisfying p T > 3.5 GeV, and a distance of closest approach to the beam line compatible with a prompt decay. The dimuon system must further satisfy p T > 6 GeV and 5.5 < m µ µ < 14 GeV. The trigger had a prescale factor of 2 applied to reduce the rate to an acceptable level. Offline, muons are required to pass quality requirements and to have p T > 5.5 GeV, to lie within the pseudorapidity range |η| < 2.4, and to be isolated. Backgrounds arise from QCD processes, including non-prompt and fake muons, and from the residual tail of the ϒ(1S) resonance in mass range 1.
Signal is extracted from a binned maximum likelihood fit to the dimuon mass spectrum. The QCD background is parameterised by a first-order polynomial, while the ϒ(1S), ϒ(2S), and ϒ(3S) resonances are each paramterised by the sum of two Crystal Ball functions. The core resolution parameter is set by the ϒ(1S), and constrained to scale with mass for the 2S and 3S resonsances. The mean of the ϒ(1S) peak is lef to vary in the fit in order to accomodate scale bias, while the masses of the 2S and 3S resonances are fixed by the known differences with the 1S mass [15] . Figure 2 shows the results of background-only fits performed on the barrel and endcap data samples. For reference, expected NMSSM signals with assumed cross sections of 2 pb (and scaled by a factor of 10) corresponding to masses of 7 and 12 GeV are shown added to the total background contribution. To search for a signal, a scan is performed in ranges 1 and 2, divided into 110 and 100 steps of 30 mathrmMeV each, respectively. The signal is paramterised by a single Gaussian function with mean fixed to the center of the step and width determined by the expected mass resolution. Systematic uncertainties on the background contribution include uncertainty on the polynomial shape derived from testing alternative shapes, while a systematic uncertainty on the signal mass resolution is obtained from a comparison of the ϒ(2S) shape in data and simulation samples.
No significant signal is observed in either mass range. Figure 3 shows the resulting 95% CL upper limits on the cross section times branching fraction for pp→ a → µ µ derived from the mass scans. These limits can also be expressed as a function of the cosine of the mixing angle, which are also shown in Fig. 3 along with the corresponding limits from the BaBar experiment [16, 18] . Limits are derived and shown for various values of tan β from 1 to 50, and are superior in mass range 2 to previous limits [17, 19] . These results are published in Ref. [20] .
Search for a Doubly Charged Higgs Boson
The minimal seesaw model of type II [21] includes one triplet scalar field that contains a doubly charged component Φ ++ . This particle decays to same-charge lepton pairs, including flavourviolating decays, and its Yukawa coupling matrix elements are proportional to the light neutrino The search presented here includes electron, muon, and tau final states in all flavour combinations, and uses a data sample of 4.6 fb −1 . Both the pair production (Φ ++ Φ −− ) and associated production (Φ ++ Φ − ) channels are considered assuming degeneracy in their masses. The samples are separated in the three-and four-lepton final states corresponding to the different production mechanisms, and include one or up to two hadronically decaying tau leptons, respectively. In addition to a model-independent search, four benchmark points (BP1-BP4) are tested that probe different characteristics of the model [22] . The final state is distinguished by the presence of one or two resonant pairs of same-charge leptons, which is an extremely rare signature in the standard model. Muon candidates are required to satisfy p T > 5 GeV, whlie electrons hadronic taus are required to satisfy a threshold of p T > 15 GeV. Muon and electron candidates are required to be isolated to suppress backgrounds from misidentified tracks arising from QCD production of multijet events. Further background suppression is achieved from kinematic and topological information, including the scalar sum of the p T of each lepton, and the opening angle between the same-charge leptons. The requirement of a fourth lepton reduces the background substantially. Figure 4 shows the distributions of three-and four-lepton masses in data compared to simulated backgrounds before the final selection is applied.
Signal is obtained by a sideband subtraction method using the background-enhanced regions before final selections are applied, where the background in the signal region is obtained from the background count in the sideband region and the ratio of signal-to-sideband yields obtained from simulation. For the 4τ search, where an explicit mass is not reconstructed, an "ABCD" method is employed, where the background yield in the signal region is extrapolated from three sideband regions defined by variables that have low correlations. Systematic uncertainties are dominated [GeV] e ± e ± = 100% e ± µ ± = 100% µ ± µ ± = 100% e ± τ ± = 100%
µ ± τ ± = 100%
τ ± τ ± = 100% by lepton ID and selection efficiencies, which are obtained from data wherever possible, and the statistical uncertainty of the background substraction.
No significant signals are observed in any final state. Figure 4 shows the resulting 95% CL lower limits on the mass of the Φ ++ /Φ − for the inclusive search, and in the context of the specific benchmarks. Limits range from 200 to more than 400 GeV, and the results are summarized in more detail in Ref. [23] .
